Here we report the genome sequence of Acinetobacter venetianus VE-C3, a strain isolated from the Venice Lagoon and known to be able to degrade n-alkanes. Post sequencing analyses revealed that this strain is relatively distantly related to the other Acinetobacter strains completely sequenced so far as shown by phylogenetic analysis and pangenome analysis (1285 genes shared with all the other Acinetobacter genomes sequenced so far). A. venetianus VE-C3 possesses a wide range of determinants whose molecular functions are probably related to the survival in a strongly impacted ecological niche. Among them, genes probably involved in the metabolism of long-chain n-alkanes and in the resistance to toxic metals (e.g. arsenic, cadmium, cobalt and zinc) were found. Genes belonging to these processes were found both on the chromosome and on plasmids. Also, our analysis documented one of the possible genetic bases underlying the strategy adopted by A. venetianus VE-C3 for the adhesion to oil fuel droplets, which could account for the differences existing in this process with other A. venetianus strains. Finally, the presence of a number of DNA mobilization-related genes (i.e. transposases, integrases, resolvases) strongly suggests an important role played by horizontal gene transfer in shaping the genome of A. venetianus VE-C3 and in its adaptation to its special ecological niche.
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Introduction
The marine environment is subjected to the contamination by organic pollutants from a variety of sources, with crude oil being one of the most important substances (Head and Swannell, 1999) . Alkanes are the major components of crude oils and are commonly found in oil-contaminated environments (Feng et al., 2007) . Aerobic n-alkane degradation is a widespread phenomenon in nature, and several microbial species/strains and enzymes involved in n-alkane degradation have been identified, isolated and studied in detail (ThroneHolst et al., 2006) .
In most described cases, the n-alkane is oxidized to the corresponding primary alcohol by substrate-specific terminal monooxygenases/hydroxylases. Two unrelated classes of enzymes for long-chain n-alkane oxidation have been proposed: (1) cytochrome P450-related enzymes in both yeasts and bacteria, e.g., bacterial CYP153 enzymes, and (2) bacterial alkane hydroxylases (pAHs) . The latter class of integral membrane non-heme diiron alkane monooxygenases of the AlkB-type allows a wide range of microorganisms to grow on n-alkanes with carbon chain lengths from C5 to C16 (van Beilen and Funhoff, 2007) . AlkB-type enzymes function in complex with two electron transfer proteins, a dinuclear iron rubredoxin, and a mononuclear iron rubredoxin reductase channeling electrons from NADH to the active site of the alkane hydroxylase (van Beilen and Funhoff, 2007) . After the initial oxidation of the n-alkane, the corresponding alcohol is oxidized step by step by alcohol dehydrogenase and aldehyde hydrogenase to the corresponding aldehyde and carboxylic acid, respectively. The carboxylic acid then serves as a substrate for acyl-CoA-synthase, and the resulting acyl-CoA enters the b-oxidation pathway (van Beilen and Funhoff, 2007) .
Degradation of n-alkanes through this kind of catabolic pathway has been extensively studied in Pseudomonas putida GPo1 [formerly Pseudomonas oleovorans (Baptist et al., 1963; van Beilen et al., 2001) ]. Several bacterial strains able to degrade C5eC10 alkanes contain alkane hydroxylases that belong to a distinct family of soluble cytochrome P450 monooxygenases as, for example, Acinetobacter sp. EB104 (Maier et al., 2001 ) and representatives from mycobacteria, rhodococci and proteobacteria (Sekine et al., 2006; van Beilen et al., 2005 van Beilen et al., , 2006 . Alternative alkane hydroxylases have been found in those microorganisms capable of degrading alkanes longer than C 20 . Usually, these enzymes are not evolutionary related to known AlkB-and P450-like sequences and include AlmA (a flavin binding monooxygenase able to oxidize C 20 eC 32 alkanes) from Acinetobacter strain DSM 17874 (Throne-Holst et al., 2006) and LadA from Geobacillus thermodenitrificans (Feng et al., 2007) , able to generate primary alcohols from C 15 eC 36 alkanes.
Finally, the cell contact with hydrophobic substrates is crucial because the initial step of alkane degradation is usually carried out by oxidation reactions catalyzed by cell-surface associated oxygenases (Foster, 1962; Wentzel et al., 2007) . The solubility of low-molecular-weight alkanes is sufficient to mediate the uptake of the alkane from water, whereas uptake of medium-and long-chain-length n-alkanes occurs by either adhesion to hydrocarbon droplets or by a surfactant-facilitated process (Rojo, 2009) .
Many alkane-degrading bacteria secrete diverse surfactants that facilitate emulsification of hydrocarbons (Hommel, 1990; Ron and Rosenberg, 2002) . In particular, among surfactant producers, Acinetobacter venetianus RAG-1 T (Reisfeld et al., 1972; Vaneechoutte et al., 1999) has been shown to produce an extracellular anionic lipoheteropolysaccharide, known as emulsan, to aid in the capture and transport of the carbon sources to the cell (Mercaldi et al., 2008; Pines et al., 1983; Zuckerberg et al., 1979) . A 27 kbp cluster of genes responsible for the biosynthesis of this amphipathic, polysaccharide bioemulsifier from the oil-degrading A. venetianus RAG-1 T was isolated and characterized (Nakar and Gutnick, 2001 ). The draft genome of this strain was recently obtained and is likely to provide further insight into the genetic basis of its alkane degradation and emulsan production in this strain. Genomes of other oil-degrading bacteria have been obtained in recent years, including those of Acinetobacter sp. DR1 (Kang et al., 2011) , Alcanivorax borkumensis (Schneiker et al., 2006) and Marinobacter aquaeolei VT8 (Kostka et al., 2011) .
Some light has been shed on the different strategies for diesel fuel degradation adopted by different Acinetobacter strains, suggesting a good efficiency in this process by A. venetianus (Mara et al., 2012) . Thus, use of strains of this species in bioremediation might provide valuable advances in this important biological/biotechnological field. One A. venetianus strain, VE-C3, was isolated in 1993 (Baldi et al., 1997) from the superficial waters of the former industrialized Marghera Port in the Venice lagoon. This area has been polluted due to oil refineries for decades up to late nineties although, today, it is a dismissed and remediated area. VE-C3 strain has been shown to grow on C10 and C14 (Mara et al., 2012) . The overall genetic and functional understanding of its biologically and biotechnologically relevant phenotype, including its adhesion to hydrocarbon molecules, its subsequent metabolism and its adaption to its peculiar ecological niche is far from complete. To address these points whole genome sequencing of the marine, hydrocarbon-degrading bacterium A. venetianus VE-C3 was performed by the use of a comprehensive approach that combined the next-generations sequencing (NGS) platforms Roche/454 and Illumina with the classical Sanger sequencing of PCR products. Genome analysis yielded interesting insights into the biology of this strain, allowing the identification of putative niche-adaptation and bioremediation-related specific gene sets.
Material and methods

Sample preparation and genome sequencing
Genomic DNA extraction was carried out as previously described (Giovannetti et al., 1990) . A first single stranded Roche/454 library was then prepared starting from 5 mg of A. venetianus VE-C3 DNA and used to perform the shotgun sequencing, following the procedure as reported in the Roche/ 454 standard protocol. A second library was prepared in order to obtain paired ends reads. For this purpose, another aliquot of 5 mg of genomic DNA was fragmented to obtain fragments of an average size of 3 kb using the HydroShear apparatus (Digilab Inc., Holliston, MA, USA). These fragments were converted into a paired ends single stranded library following the Roche/454 procedure as reported in the 3 kb paired ends library preparation method manual. Both libraries were quantitated by the Ribo Green assay (Invitrogen Inc, Carlsbad, CA, USA), amplified by emulsion PCR as reported in the Roche/454 procedure and sequenced using the Titanium version of the Genome Sequencer FLX System. A total of about 1.2 Â 10 5 single shotgun reads and about 1.5 Â 10 5 paired ends reads were obtained. Illumina sequencing of A. venetianus VE-C3 was carried out by IGA (Istituto di Genomica Applicata, Udine, Italy) with Illumina HiSeq2000.
Genome assembly
The Roche/454 paired ends reads were assembled with Roche assembler (Newbler). From this assembly, 111 contigs embedded in 14 different scaffolds were generated. Two scaffolds corresponded to already sequenced A. venetianus VE-C3 plasmids, namely pAV1 and pAV2 (Mengoni et al., 2007) , and where therefore not considered in the further stages of genome assembly.
Illumina GA1 reads were first trimmed to eliminate low quality base callings. Trimming was performed adopting the dynamic trimming algorithm embedded in the SolexaQA suite (Cox et al., 2010) , selecting a Phred score threshold value of 30. Further on, reads were assembled using the Abyss assembler v. 1.2.7 (Simpson et al., 2009 ) with a k-mer size of 51. This resulted in a preliminary assembly of 438 contigs.
In order to integrate the two different assemblies, we combined the contigs generated by Illumina and Roche/454 technologies in a hybrid assembly using Phrap assembler (de la Bastide and McCombie, 2007) . This resulted in an improved assembly embedding 12 scaffold and 27 contigs. Part of the remaining gaps, within and among the different scaffolds were closed adopting a computational approach based on the mapping of original Roche/454 reads at the extremities of scaffolds (Fondi et al., submitted for publication) .
The closure of the gaps among the different scaffolds was then validated with PCR amplification and Sanger sequencing of the overlapping regions. PCR amplification coupled with Sanger sequencing was also performed in those cases in which the adopted computational gap closure strategy (described above) failed to reconstruct the correct order of the scaffolds.
Genome annotation
Genome annotation was performed using the Rapid Annotation by Subsystem Technology (RAST) pipeline (Aziz et al., 2008) . Additional functional annotation was performed querying other functional databases, including KAAS (Moriya et al., 2007) , Interpro (via Interproscan (Quevillon et al., 2005) ) and COG (Clusters of Orthologous Groups) (Tatusov et al., 2003) . Atypical chromosomal regions were identified with AlienHunter tool (Vernikos and Parkhill, 2006 ) using default parameters.
Genomes retrieval and orthologs identification
Acinetobacter genomes were downloaded from NCBI database as on November 2011 and included Acinetobacter baumannii ATCC_17978 (NC_009085), Acinetobacter calcoaceticus PHEA-2 (CP002177), Acinetobacter sp. DR1 (NC_014259), Acinetobacter baylyi ADP1 (NC_014259) and the newly sequenced A. venetianus RAG-1 T (AKIQ01000000). When comparing the different Acinetobacter genomes (including the newly sequenced A. venetianus VE-C3), the groups of orthologous genes were identified with Inparanoid and Multiparanoid softwares (Alexeyenko et al., 2006; Remm et al., 2001) . Amino acid sequences of the proteins used to build Acinetobacter reference phylogeny were retrieved adopting the Bidirectional Best Hit (BBH) criterion and using the A. baylyi ADP1 sequences (retrieved from the Ribosomal Database Project (RDP), http://rdp.cme.msu.edu/) as queries.
Sequence alignment and phylogenetic tree construction
Multiple sequence alignments were performed using Muscle (Edgar, 2004) and misaligned regions were visually inspected and removed where necessary.
Maximum Likelihood (ML) analysis was carried out using Phyml (Guindon et al., 2005 (Guindon et al., , 2009 , with a WAG model of amino acid substitution, including a gamma function with 6 categories to take into account differences in evolutionary rates at sites. Statistical support at nodes was obtained by nonparametric bootstrapping on 1000 re-sampled datasets.
Permutation tests
To assess whether the accessory genome was enriched in a particular functional category, the proportions of the COGs (Tatusov et al., 2003) in the core and accessory genome were compared. Statistical significance to the enrichment analysis was gained through permutation tests on the original gene sets, i.e. one million random samplings were performed and the COG proportions of each sample were compared to a sample from the whole genome. P-values below 0.05 were considered to be significant.
Genome accession numbers
This Whole Genome Shotgun project has been deposited at DDBJ/EMBL/GenBank under the accession ALIG00000000. The version described in this paper is the first version, ALIG01000000.
Results and discussion
Genome overview
After Roche/454 and Illumina sequencing of the A. venetianus VE-C3 genome, a total of 3,564,836 bp bases were assembled; 10,820 bp and 15,135 bp corresponded to the already known pAV1 and pAV2 plasmids (Mengoni et al., 2007) respectively, whereas 186.446 corresponded to the newly identified pAV3 (large) plasmid (Fig. 1) . The remaining 3,352,435 bp were assembled in a single scaffold (embedding 8 contigs) and represented the A. venetianus VE-C3 chromosome. A total of 3472 coding sequences (CDS) were identified and a putative function was assigned to about 2675 of them (77%) (see Supplementary Material 1 for the complete list of encoded functions). Additionally, A. venetianus VE-C3 encodes 6 rDNA operons (16S-23S-5S) and 74 tRNAs. The likely origin of replication (oriC ) on the chromosome was inferred with OriFinder tool (Gao and Zhang, 2008) and confirmed by GC skew analysis (Fig. 1) ; six DnaA boxes were found in the inferred oriC region. The general features of the A. venetianus VE-C3 are reported in Table 1. A summary of the functional capabilities of A. venetianus VE-C3 as a result of a BLAST search of its ORFs only against the COG database (Tatusov et al., 2003) is reported in Supplementary Material 1. Remarkably, with the exception of sequences without a clear assigned function (embedded in functional COG categories X, R and S and representing 26.30%, 7.94% and 7.34% of the total gene content, respectively), those embedded in functional category L (replication, recombination and repair) are the most abundant. This general COG category embeds, among the others, those sequences involved in the recombination (e.g. COG1381), transposition (e.g. COG3676, COG3547) and integration (e.g. COG0582) of DNA fragments, thus revealing that the exogenous acquisition (or loss) of genes might have played a role in shaping the genome of this strain, possibly with the intervention of mobile genetic elements. Interestingly, the proportion of genes From the outer to the inner concentric circle: circle 1, genomic position in kb; circles 2 and 3, predicted protein coding sequences (CDS) on the forward (outer wheel) and the reverse (inner wheel) strands coloured according to the assigned COG classes; circle 4 represents atypical chromosomal regions identified by AlienHunter (see Material and methods); circle 5, G þ C content showing deviations from the average (39%); circle 6, GC skew. The bar below the plot represents the COG colours for the functional groups (C, energy production and conversion; D, cell cycle control, mitosis and meiosis; E, amino acid transport and metabolism; F, nucleotide transport and metabolism; G, carbohydrate transport and metabolism; H, coenzyme transport and metabolism; I, lipid transport and metabolism; J, translation; K, transcription; L, replication, recombination and repair; M, cell wall/membrane biogenesis; N, cell motility; O, post-translational modification, protein turnover, chaperones; P, inorganic ion transport and metabolism; Q, secondary metabolites biosynthesis, transport and catabolism; R, general function prediction only; S, function unknown; T, signal transduction mechanisms; U, intracellular trafficking and secretion; V, defence mechanisms; X, unknown function). Asterisks in (A) represent the regions of the scaffold still containing gaps. Material 2) shows, as expected, an overall predominance of transposition/integration/recombination related genes in plasmids rather than in the chromosome. The massive presence of recombination related genes in A. venetianus VE-C3 is also confirmed by the comparative analysis with the genomes of other representatives of this genus (see below) and from previous work that showed a high level of horizontal gene transfer (HGT) and recombination events (also occurring within the same cell) in the Acinetobacter genus (Fondi et al., 2010) . Interestingly, A. venetianus RAG-1 T possesses about half of the amount of the recombination related genes in respect to A. venetianus VE-C3 [117 (3.4%) and 254 (7.3%), respectively] and to other A. venetianus strains (Fondi et al., manuscript in preparation) , suggesting that the abundance of this particular class of genes might be a peculiarity of VE-C3 strain.
For a deeper inspection of the A. venetianus VE-C3 chromosome we adopted the computational strategy implemented in the AlienHunter software, which exploits compositional biases using variable order motif distributions and captures the local composition of a sequence compared with fixed-order methods (Vernikos and Parkhill, 2006) . This allowed the identification, although with different confidence values, of 66 atypical regions (Fig. 1) , probably the outcome of chromosomal recombination and/or HGT events. This observation is supported by the fact that, as shown in Fig. 2 , most of the genes found in these regions encode proteins that either have no homologs in the COG database or code for proteins likely involved in the recombination/transposition/integration of DNA fragments (58.7% of the proteins found in atypical regions). Indeed, it is known that the pool of genes responsible in the horizontal flow of genetic information, usually encodes proteins whose function is unknown yet (Bosi et al., 2011; Brilli et al., 2008; Tamminen et al., 2012) . Nevertheless, genes belonging to other functional categories not strictly associated to the process of HGT itself [e.g. transcription factors, inorganic ion transport and metabolism (e.g. arsenic resistance), and defence mechanisms (e.g. ABC-type multidrug transport system)] were found within these regions, supporting the idea that HGT might have been a key player in the adaptation of this microorganism to the heavily polluted ecosystem of Venice Lagoon.
Genetic basis of alkane degradation in
A. venetianus VE-C3
Adhesion to oil fuel
It has been suggested that A. venetianus VE-C3 is capable of two types of adhesion, i.e. (i) cell-to-cell interactions, preceding the cell adhesion to the n-alkane molecules, and (ii) Fig. 2 . Clusters of orthologous groups (COG) functional categories distribution of the genes that were found inside putative atypical regions.
n-alkane nano-micelles embedding into the capsular polysaccharide (Baldi et al., 2003) , a mechanism for controlling the carbon source uptake, avoiding direct contact of n-alkanes with the membrane structures, which would be disruptive.
The genome sequence of A. venetianus VE-C3 offers the possibility to investigate the genetic basis of these two different n-alkane adhesion strategies, for which the genes and/or the pathways are still unknown. Accordingly, the wee gene cluster of A. venetianus VE-C3 was identified (the complete annotation of the wee-like cluster is available in Supplementary Material 3) and compared to the one previously described in A. venetianus RAG-1 T . Results of this analysis (shown in Fig. 3 ) revealed that strains VE-C3 and RAG-1 T share two large portions (14 out of 22 genes are orthologous between RAG-1 T and VE-C3) of their wee gene cluster, i.e. its first part (including genes mip, wzc, wzb, wza, weeB, but lacking weeA) and the final one (from weeH to pgm) (Fig. 3) . However, the central part of the cluster partially differs in the two strains: in the central region of its cluster, RAG-1 T harbors genes weeA/C, wzx, wzy and weeD/E/F/G while VE-C3 harbors a set of genes that are not orthologous but probably code for proteins which perform similar reactions, at least on the basis of in silico annotation, such as the A. venetianus VE-C3 mviM, encoding an oxidoreductase with similarity to RAG-1 T WeeA, or the three VE-C3 rfaG genes (not sharing significant sequence identity among each other), encoding a glucosyl transferase, in correspondence with the weeG gene of RAG-1 T . Anyway, it is important to stress that some genes of the RAG-1 T wee cluster, such as wzx and wzy, responsible for polymerisation of the apoemulsan (Nakar and Gutnick, 2001) were not found in the genome of A. venetianus VE-C3, explaining the different strategies adopted by these strains for the interaction with n-alkanes.
Interestingly, the central portions of both A. venetianus RAG-1 T and VE-C3 wee clusters are also different in terms of GC-content from the rest of the cluster in which they are embedded and also from the average GC-content of the corresponding genome (red dashed line in Fig. 3 ), indicating that past recombination and/or transposition event(s) might have shaped the wee clusters in both microorganisms.
Metabolism of n-alkanes
To search for the genetic determinants likely responsible for the catabolism of hydrocarbons, a set of sequences known to be involved in this pathway was assembled through bibliographical data mining. This seeds dataset included the complete set of Alk sequences (AlkB, G, H, L, J, K, S, T and N) from P. putida GPo1 (van Beilen et al., 2001) , soluble cytochrome P450 monooxygenases from Acinetobacter sp. EB104 (Maier et al., 2001) , AlmA from Acinetobacter sp. DSM 17874 and LadA from G. thermodenitrificans (Feng et al., 2007) .
The A. venetianus VE-C3 genome encodes a smaller set of alk-like sequences compared to P. putida GPo1. Moreover, unlike P. putida GPo1, in which all the genes are embedded in a single operon, these genes are scattered throughout the genome of VE-C3. A. venetianus VE-C3 encodes two paralogous copies of alkB, alkH (sharing 38% identity among themselves at the amino acid level) and alkJ (sharing 37% identity at the amino acid level), whereas AlkK was retrieved in a single copy. Conversely, no ortholog was retrieved from A. venetianus VE-C3 when probing its genome with AlkG, AlkT, AlkN and AlkS sequences. AlkG and AlkT (coding for rubredoxin and rubredoxin reductase, respectively) could be replaced by the rubA-rubB operon, as already suggested for A. borkumensis (Schelstraete et al., 2010) (Supplementary  Material 4) . Indeed rubredoxin reductase genes map in many alkane-degrading bacteria separately from the alkane hydroxylase genes (Abraham et al., 1998; Schneiker et al., 2006; Smits et al., 2002) . Interestingly, a sequence embedding both a rubredoxin and a rubredoxin reductase domain was identified in the genome of A. venetianus VE-C3, suggesting its possible role in the alkane degradation process. Furthermore, the absence of ALkS, known to regulate the expression of the alkBFGHJKL operon in P. putida GPo1 (Eggink et al., 1987; Kok et al., 1989; Panke et al., 1999) , raises the intriguing issue of how alk-like genes are regulated in A. venetianus VE-C3. Finally, A. venetianus VE-C3 lacks AlkN, a gene involved in chemotaxis transduction in P. putida GPo1 (van Beilen et al., 2001) .
A. venetianus VE-C3 encodes a single cytochrome P450 in an operon-like structure with genes encoding a ferredoxin, an FAD-dependent oxyreductase and a gene encoding an AraC transcriptional regulator (Supplementary Material 4) . Interestingly, these genes are encoded by the largest plasmid harbored by A. venetianus VE-C3 (pAV3) and are flanked by others encoding a transposase and a resolvase. This, in addition to the observation that the organization of this cluster resembles that found, for example, in A. borkumensis SK2 (Schneiker et al., 2006) , points to the possible acquisition of these genes by A. venetianus VE-C3 through one (or more) HGT event(s). Orthologs of LadA and AlmA encoding genes were also found when probing the genome of VE-C3 (Supplementary Material 4) .
The presence/absence pattern of the genes coding for emulsan production (A. venetianus RAG-1 wee cluster) and for alkane degradation (alk genes from P. putida GPo1 (van Beilen et al., 2001) , was also compared against the genomes of a set of 3 well-characterised oil-degrading bacteria: A. borkumensis SK2 (Schneiker et al., 2006) , Acinetobacter sp. DR1 (Kang et al., 2011) and M. aquaeolei VT8 (Kostka et al., 2011) (Supplementary material 5) . Concerning the wee cluster involved in fuel oil adhesion, the analysis showed a pattern for Acinetobacter sp. DR1 that was quite similar to the one observed in A. venetianus VE-C3 (lack of genes orthologous to their counterparts in A. venetianus RAG-1 T in the central part of the cluster); for A. borkumensis SK2 and M. aquaeolei VT8, only the genes from weeJ to pgm resulted to be present also in their genomes. Also in the case of alk genes set A. venetianus VE-C3 and Acinetobacter sp. DR1 showed a very similar pattern of presence/absence (except for alkT, absent in the first and present in latter). A. borkumensis SK2, showed a conserved alkSB 1 GJH cluster, as already reported by Scheneiker et al. (2006) , which, on the contrary, is absent in M. aquaeolei VT8.
Resistance to heavy metal
In the Venice Lagoon metal contamination by As, Cd, Co, Cr, Cu, Hg, Pb, Zn and others has been reported since decades and has been recently reviewed and elaborated based on the hazard quotients of sediments (Apitz et al., 2007) . The A. venetianus VE-C3 genome encodes a high number of proteins potentially involved in the resistance to these heavy metals. Indeed, at least two gene clusters coding for CzcCBA complex systems [an RND family system involved in the efflux of such compounds, see (Silver and Phung le, 2005 ) for a review] were detected, the first also comprising a CzcD-like sequence, presumably involved in the efflux of Cu 2þ and Zn 2þ from the cell. Interestingly, two additional copies of CzcD-like coding genes were identified in the genome of A. venetianus VE-C3, both of them embedded in a bicistronic cluster together with a MerR-like transcriptional regulator. Besides, the first of these clusters is encoded by the pAV3 plasmid.
A. venetianus VE-C3 harbors three gene clusters potentially involved in arsenic resistance. The 5 genes embedded in each of the three clusters share the very same organization and encode for ArsH (NADPH-dependent FMN reductase), ACR3 (arsenite export protein), ArsC (arsenate reductase), ArsR (arsenic resistance operon repressor) and an additional copy of ArsC. Finally, an extra stand-alone copy of an ArsC coding gene was found in the genome of A. venetianus VE-C3. Interestingly, as in the case of cobaltecadmiumezinc resistance related genes, one of the clusters is located on the major plasmid (pAV3).
Genes potentially involved in the resistance/tolerance to copper and chromium were also identified in the genome of A. venetianus VE-C3. In particular, two clusters carrying genes presumably involved in copper homeostasis were identified; one coding for CutE (copper homeostasis protein) and CorC (efflux protein) and another embedding multicopper oxidase and copper resistance protein encoding genes. Concerning chromium resistance, four chromate transport proteins (ChrAlike) coding genes were identified in the genome of A. venetianus VE-C3. Two of them are organized in cluster together with a LysR family transcriptional regulator. Another ChrAlike coding gene is embedded in a cluster together with a gene coding for ChrB (chromate resistance signal peptide protein). An additional stand-alone copy of a ChrA-like sequence was also identified. Finally, no genes encoding chromate reduction [from Cr(VI) to the less toxic and less insoluble Cr(III)] were identified in the genome of VE-C3 strain.
It must be stated clearly that all the genes mentioned above have been assigned to a particular functional category (i.e. resistance to a specific metal) only on the basis of their sequence similarity with other, better characterized, sequences. Thus, although in some cases the degree of sequence similarity is relatively high (i.e. above 50% at amino acid level) in cannot be excluded that their role might be slightly different (e.g. conferring resistance to a different compound).
Genomic comparison of A. venetianus VE-C3 to related species and the Acinetobacter pangenome
To establish the phylogenetic relationship existing between A. venetianus VE-C3 and the other representatives of the Acinetobacter genus sequenced so far, extensive phylogenetic analysis was conducted using a concatamer of a set of conserved proteins (FusA, IleS, LepA, LeuS, PyrG, RecA, RecG, RplB, RpoB) . An alignment was built using these sequences, manually removing ambiguous positions. The result of this analysis (Fig. 4) reveals that A. venetianus is only distantly related to representatives of A. baumannii, A. calcoaceticus and Acinetobacter sp. strain DR1. Indeed, the clade embedding A. venetianus VE-C3, A. venetianus RAG-1 T and A. baylyi ADP1 is strongly supported as a sister group to the one embedding the aforementioned species, although the length of their branches suggests the presence of a massive evolutionary divergence between VE-C3 and ADP1 strains. This result was confirmed also when whole genome BLAST comparisons of the strains belonging to the different Acinetobacter species (and whose genome was completely sequenced) were carried out (E-value threshold: 1e À100 ). In this case, to avoid redundancy, only one representative from A. baumannii was maintained, namely strain ATCC_17978.
BLAST comparisons were then transformed into a circular ideogram in which each genome is represented by an arc and the different genomes (arcs) are connected by vertices accounting for their shared sequence similarity (Fig. 5) . It can be noted that A. venetianus VE-C3 and A. baylyi ADP1 are clearly less interconnected to the other Acinetobacter genomes analyzed, suggesting that these strains represent a distinct component of the Acinetobacter genus, at least among those strains whose genomes have been completely sequenced.
The genome sequence of A. venetianus VE-C3 genome allowed extending the analysis of the whole Acinetobacter genus pangenome compared to previous studies (Imperi et al., 2011; Peleg et al., 2012; Vallenet et al., 2008; Zhan et al., 2012) . Accordingly, the in silico proteome of A. venetianus VE-C3 was compared with those of the other Acinetobacter representatives whose genome has been completely sequenced and that were previously used to build Acinetobacter reference phylogeny (Fig. 5) . Also in this case only strain ATCC_17978 from A. baumannii was maintained to avoid possible biases due to overrepresentation of genomes belonging to the same species.
By comparing the 3472 CDSs found in the genome of A. venetianus VE-C3 with those of the other completely sequenced genomes, a set of orthologous groups was identified. A subset of 1940 CDSs was conserved across all the five genomes and, accordingly, was defined as the core genome of the strains belonging to the Acinetobacter genus completely sequenced so far.
The remaining 4200 orthologous groups were defined as members of the accessory genome for the five completely sequenced genomes and included both the unique genomes (that is the set of genes peculiar to each strain) and the sets of genes common to only few groups of strains (Fig. 6 ). In order to define possible differences in functions encoded by the core and/or the accessory genomes of the Acinetobacter genus, each protein was assigned to a COG category and the abundance of each COG category was plotted for both core and accessory genomes (Fig. 7) . Statistically significant differences between core and accessory genome (computed as described in Material and methods) were found only for COG category L (DNA replication, recombination and repair), V (Defence mechanisms), and for proteins with no assigned COG (X): in these three categories, the accessory genome is enriched. In all the other COG categories (with the exception of functional category K, whose analysis resulted to be statistically unsound) the genes belonging to the core genome are more abundant than those belonging to the accessory genome.
It is interesting to notice that the genome of A. venetianus VE-C3 is the one possessing the highest number of unique genes (954, most of which do not have homologs in COG database (51.4% of the unique genes) or only have homologs with no assigned function (9.6%). Furthermore, genes belonging to COG categories L and V were those found to be Fig. 6 . The core, accessory and unique genomes of the Acinetobacter representatives. significantly enriched ( p-value < 0.05) in the unique genome of A. venetianus VE-C3.
Similar enrichment in genes with no assigned function has been previously reported in the accessory genome of other organisms (Bottacini et al., 2010; Galardini et al., 2011) .
Given the small proportion of completely sequenced Acinetobacter genomes in respect to draft ones, the set of core genes found in this analysis involving only 5 strains, probably represents an overestimation of the actual Acinetobacter core genome. To overcome this, we also sampled a larger panel of Acinetobacter genomes, including all the complete and incomplete genomes available in NCBI database as on November 1st 2012 (37 genomes in total) and repeated the analysis for the identification of the core/accessory gene pool. In this case, as expected, the size of the core genome (1285 genes) is sensibly lower than in the analysis performed on the completely sequenced genomes only (1940 genes), probably representing a good approximation to the real universally shared gene pool of the Acinetobacter strains sequenced so far (Supplementary Material 6). Overall, we observed a general trend (Supplementary Material 6) towards the decrease of the core genome size parallel to the increase of the analyzed genomes, as recently observed by other authors (Imperi et al., 2011) , when analyzing the pangenome size/dynamics of the A. baumannii species. Conversely, as expected, the size of the accessory genome is shown to increase as long as more strains are added to the analysis (Supplementary Material 6), indicating an open structure of the Acinetobacter pangenome as already shown for A. baumannii species (Imperi et al., 2011) .
Besides providing interesting insight into bioremediationrelated genes, data gained through our comparative genomics approach may also provide a basis for further analyses aimed at elucidating other important features of the overall Acinetobacter genus as, for example, pathogenicity (Peleg et al., 2012) .
Conclusions
In this work we have reported the genome sequence of the strain A. venetianus VE-C3. In line with its environmentally strongly impacted ecological niche, the genome of this strain harbors a complete set of determinants whose functions are related to tolerance to various stresses. These include the genes probably involved in the metabolism of long-chain nalkanes and in the resistance to toxic metals such as arsenic, cadmium, cobalt and zinc. We have also shown one of the possible genetic bases underlying the different strategies adopted by A. venetianus RAG-1 T and VE-C3 for the adhesion to oil fuel droplets. Furthermore, the presence of a number of DNA mobilization-related genes (i.e. transposases, integrases, resolvases) clearly points to a deep influence of HGT in shaping the genome of A. venetianus VE-C3 and in its adaptation to its special ecological niche.
Finally, the findings reported in this work provide a valuable background for future biotechnological applications as well as for deeper in silico analyses (e.g. metabolic network reconstruction and functional modelling) of A. venetianus VE-C3 metabolism.
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